Analgesic properties of the novel amino acid, isovaline.
Isovaline, a nonproteinogenic alpha-amino acid rarely found in the biosphere, is structurally similar to the inhibitory neurotransmitters glycine and gamma-aminobutyric acid. Because glycine(A) and gamma-aminobutyric acid receptor agonists are antiallodynic, we hypothesized that isovaline produces antinociception in mice. All experiments were performed on female CD-1 mice using a blinded, randomized, and controlled design. The effects of RS-isovaline were studied on nociceptive responses to (1) formalin injection into the hindpaw; (2) glutamate injection into the hindpaw; and (3) strychnine injection either into the lumbar intrathecal space or cisterna magna. We determined the effects of IV RS-isovaline (50, 150, or 500 mg/kg; n = 10/dose) or intrathecal RS-, R-, and S-isovaline, glycine, and beta-alanine into the lumbar intrathecal space (5-microL volumes of 60, 125, 250, and 500 mM; n = 9/dose/group) on the response to formalin in the paw. The response to 20 microL intraplantar glutamate (750 mM) was compared with glutamate (750 mM) coadministered with isovaline. We also determined the response to intraplantar strychnine. Lumbar intrathecal (100 microM) or intracisternal (200 microM) injections of strychnine into the lumbar intrathecal space or the cisterna magna were used to induce allodynia as a measure of glycine inhibitory dysfunction. The effects of intrathecal or intracisternal strychnine were compared with isovaline coapplied with the strychnine (n = 8/group). In the formalin paw test, IV isovaline did not change phase I but decreased phase II responses in a dose-dependent manner (50% effective dose = 66 mg/kg, n = 10, P < 0.01). There was no effect on rotarod performance, appearance, or behavior of the mouse, and no respiratory depression. Intrathecal isovaline, glycine, and beta-alanine attenuated phase I and II responses (P < 0.01 for each drug). In contrast to beta-alanine and glycine, isovaline at maximally effective doses did not produce scratching, biting, or agitation. Intrathecal RS- and S-isovaline attenuated phase I (P < 0.05 for each group) and RS-, R-, and S-isovaline attenuated phase II responses (P < 0.05 for each group), with no significant difference between the efficacies of R- and S-enantiomers. Localized strychnine-induced glycine inhibitory dysfunction was greatly reduced by intracisternal (P < 0.01) and intrathecal (P < 0.01) isovaline. Although intraplantar strychnine did not induce peripheral allodynia, high doses of isovaline did not block the peripheral allodynia induced by glutamate. Isovaline reduced responses in mouse pain models without producing acute toxicity, possibly by enhancing receptor modulation of nociceptive information.